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Description
Technical Field

[0001] The present invention relates to a marker.

Background Art

[0002] As an image indicator (marker) in which a pat-
tern (mark) is projected onto a convex lens part having
a convex surface part, an image indicating sheet includ-
ing a lenticular lens and coloring layers is known. This
lenticular lens has a configuration in which a plurality of
cylindrical lenses are arranged side by side, and the
coloring layers are disposed in respective cylindrical
lenses so as to be observed as images of respective
cylindrical lenses. With this configuration, a collective
mark is formed by theimages. The image indicating sheet
is suitable for recognition of the position, orientation and
the like of objects in the fields of augmented reality (AR),
robotics, and the like (see, forexample, PTL 1 and PTL 2).

Citation List

Patent Literature

[0003]
PTL 1
Japanese Patent Application Laid-Open No.
2013-025043
PTL 2
Japanese Patent Application Laid-Open No.

2012-145559
Summary of Invention
Technical Problem

[0004] FIG. 1A schematicallyillustrates across section
taken along an arrangement direction of cylindrical lens
parts of a marker according to a reference example in
which coloring layers are arranged as disclosed in the
PTL, and FIG. 1B schematically illustrates only an ar-
rangement of the cylindrical lens part in the marker. In
the drawings, X indicates one direction in the plane di-
rection of the marker, Y indicates a direction orthogonal
to the X direction in the plane direction, and Z indicates
a direction orthogonal to the X direction and the Y direc-
tion (the thickness direction of the marker). It is to be
noted that FIG. 1B illustrates the region of the cylindrical
lens part included in the lenticular lens part of FIG. 1A.

[0005] As illustrated in FIG. 1 for example, marker 100
includes lenticular lens part 110 formed of an optically
transparent material, and lenticularlens part 110includes
a plurality of cylindrical lens parts 120 disposed in the
plane direction. Cylindrical lens part 120 includes, on the
front side thereof, convex surface part 130, and includes
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on the rear side thereof, rear surface part 140, groove
150 formed on rear surface part 140 and coloring part
160 disposed in groove 150. Coloring part 160 is optically
identifiable with respect to rear surface part 140.

[0006] Grooves 150 are disposed at respective loca-
tions such that straight lines (optical axes OA) radially
extending from optical reference point OP of marker 100
intersect the centers of the bottom surfaces of grooves
150. For example, when convex surface part 130 includ-
ing the product optical axis PA is set as Oth convex sur-
face part 130, nth groove 150 corresponding to nth con-
vex surface part 130 in the X direction is disposed such
that the center thereof is separated from central axis CA
of the nth convex surface part 130 by a predetermined
distance nGpum (e.g. G=0.8num) in a direction parallel
to the bottom surface of groove 150.

[0007] Inmarker 100, the position of the observed mark
varies depending on the observation position in the X
direction. With this configuration, in marker 100, the mark
is set only by the positions of the coloring parts in the X
direction.

[0008] Inmarker 100, the markis observed in a specific
range around the intersection (also referred to as "the
center point of the multi-lens part") of product optical axis
PA and lenticular lens part 110 in the X direction. The
specific range is set by the convex lens part, and is, for
example, a range of approximately 26° from the center
point of the multi-lens part in the X direction. Marker 100
has a room for improvement in widening the observation
range in the X direction.

[0009] An object of the present invention is to provide
a marker that has a wider observation range at least in
one direction.

Solution to Problem

[0010] A marker according to an embodiment of the
present invention includes a multi-lens part including a
plurality of optically transparent convex lens parts ar-
ranged along at least one arrangement direction. Each
convex lens part includes a convex surface part, a de-
tection object part disposed corresponding to the convex
surface part and configured to be projected on the convex
surface part as an optically detectable image, and an
optical axis passing through the convex surface part and
the detection object part corresponding to the convex
surface part. A plurality of optical axes of the plurality of
convex lens parts include first optical axes and a second
optical axis, the first optical axes being outermost in the
arrangement direction and intersecting each other, the
second optical axis being represented by a straight line
that bisects an angle between the first optical axes and
passes through the multi-lens part. At least two of the
plurality of the convex lens parts are tilted in the same
orientation and at the same angle with respect to the
arrangement direction. At least one of a plurality of de-
tection object parts of the plurality of convex lens parts
is disposed such that as a distance of the at least one of
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the plurality of the detection object parts from the second
optical axis in the arrangement direction increases, a dis-
tance of the at least one of the plurality of the detection
object parts from a central axis of the convex surface part
corresponding to the at least one of the plurality of the
detection object parts in the arrangement direction in-
creases. At least one of the plurality of the optical axes
of the plurality of convex lens parts is set such that the
greater a distance of one of the convex lens parts includ-
ing the atleast one of the plurality of the optical axes from
the second optical axis in the arrangement direction, the
greater an intersection angle of the at least one of the
plurality of the optical axes and a central axis of the con-
vex surface of the one of the convex lens parts.

[0011] The marker according to the embodiments of
the present invention provides wider observation range
in at least one direction of the arrangement direction of
the convex lens parts in comparison with a marker in
which the mark is set only by the positions of the coloring
parts in the direction along the rear surface of the convex
lens part.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1A schematically illustrates a cross section tak-
en along an arrangement direction of cylindrical lens
parts of a marker according to an reference example,
in which hatching is omitted, and FIG. 1B schemat-
ically illustrates only an arrangement of the cylindri-
cal lens parts in the marker;

FIG. 2A is a plan view schematically illustrating a
marker according to the first embodiment of the
presentinvention, and FIG. 2B is a bottom view sche-
matically illustrating the marker;

FIG. 3A schematically illustrates a cross section tak-
en along an arrangement direction of convex lens
parts of the marker according to a first embodiment
ofthe presentinvention, in which hatching is omitted,
and FIG. 3B schematically illustrates an arrange-
ment of cylindrical lens parts in the marker in which
each cylindrical lens part is set as a component unit;
FIG. 4A schematically illustrates a cross section tak-
en along the arrangement direction of convex lens
parts of a marker according to a second embodiment
ofthe presentinvention, in which hatching is omitted,
and FIG. 4B schematically illustrates an arrange-
ment of the cylindrical lens parts in the marker in
which each cylindrical lens partis setas a component
unit in the marker;

FIG. 5A is a plan view schematically illustrating a
marker according to a third embodiment of the
presentinvention, FIG. 5B is a partially enlarged sec-
tional view schematically illustrating a cross section
of the marker taken along an arrangement direction
of convex lens parts, in which hatching is omitted,
and FIG. 5C is a bottom view schematically illustrat-
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ing the marker;

FIG. 6A is a plan view schematically illustrating a
first modification of a recess in the marker according
to the third embodiment, FIG. 6B is a plan view sche-
matically illustrating a second modification of the re-
cess, and FIG. 6C is a plan view schematically illus-
trating a third modification of the recess;

FIG. 7A is a plan view schematically illustrating a
marker according to a fourth embodiment of the
presentinvention, FIG. 7B is a partially enlarged sec-
tional view schematically illustrating a cross section
taken along an arrangement direction of convexlens
parts in the marker, in which hatching is omitted, and
FIG. 7C is a bottom view schematically illustrating
the marker;

FIG. 8A is a plan view schematically illustrating a
marker according to a fifth embodiment of the
presentinvention, FIG. 8B is a partial sectional view
schematically illustrating a part of the marker taken
along line B-B of FIG. 8A, in which hatching is omit-
ted, FIG. 8C is a bottom view schematically illustrat-
ing the marker, and FIG. 8D is a side view schemat-
ically illustrating the marker;

FIG. 9A is a plan view schematically including a
marker according to a sixth embodiment of the
presentinvention, FIG. 9B is a partial sectional view
schematically illustrating a part of the marker taken
along line B-B of FIG. 9A, in which hatching is omit-
ted, FIG. 9C is a bottom view schematically illustrat-
ing the marker, and FIG. 9D is a side view schemat-
ically illustrating the marker; and

FIG. 10A is a plan view schematically illustrating a
marker according to a seventh embodiment of the
presentinvention, FIG. 10B is a partial sectional view
schematically illustrating a part of the marker taken
along line B-B of FIG. 10A, in which hatching is omit-
ted, FIG. 10C is a bottom view schematically illus-
trating the marker, and FIG. 10D is a side view sche-
matically illustrating the marker.

DETAILED DESCRIPTION
First embodiment

[0013] FIG. 3A schematically illustrates a cross-sec-
tion of marker 10 along the arrangement direction of len-
ticular lens part 11, and FIG. 3B schematically illustrates
an arrangement of cylindrical lens parts 12, each of which
is a component unit of marker 10.

[0014] Marker 10 includes lenticular lens part 11. Len-
ticular lens part 11 includes a plurality of optically trans-
parent cylindrical lens parts 12. Cylindrical lens parts 12
are arranged in the X direction. Lenticular lens part 11 is
an integrated molded article of a plurality of cylindrical
lens parts 12. Lenticular lens part 11 has a rectangular
planar shape with the long side along the X direction and
the short side along the Y direction, for example. Len-
ticular lens part 11 corresponds to a multi-lens part.
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[0015] Each cylindrical lens part 12 is a convex lens
part having a cylindrical shape. Each cylindrical lens part
12 is composed of optically transparent material. Exam-
ples of the optically transparent material include optically
transparent colored or non-colored resins such as poly-
carbonate and acrylic resin, and optically transparent
colored or non-colored inorganic materials such as glass.
Preferably, in view of mass production, the optically
transparent material is an optically transparent resin, and
lenticular lens part 11 is an injection-molded article of
such a resin. Preferably, in view of mass productivity and
optical characteristics, the optically transparent material
is a transparent resin.

[0016] Cylindrical lens parts 12 are tilted in the same
orientation and at the same angle with respect to the X
direction. Each cylindrical lens part 12 includes convex
surface part 13, flat rear surface part 14, groove 15
formed on rear surface part 14, and coloring part 16
housed in groove 15.

[0017] Convex surface part 13 has the same cross-
sectional shape in the XZ plane (also referred to as"XZ
cross-sectional shape") entirely along the Y direction.
Each convex surface part 13 has a rectangular planar
shape with the long side along the Y direction and the
short side along the X direction. Convex surface parts 13
have the same size in plan view, and, for example, the
width (the length in the X direction) of each convex sur-
face part 13 is 370 pm. In addition, the pitch of convex
surface parts 13 is the center-to-center distance (de-
scribed later) between two convex surface parts 13 ad-
jacent to each other in the X direction, which is 370 um
as with the width.

[0018] The shape of convex surface part 13 in the XZ
cross-sectional shape is, for example, a semicircular
curve or a non-semicircular curve. The non-semicircular
curve is a convex curve other than a semicircle, and is,
for example, a curve composed of arcs having different
curvature radiuses. Preferably, the non-semicircular
curve is a curve whose curvature radius increases as the
distance from the center of convex surface part 13 in-
creases in the above-mentioned cross section. At its
apex, convex surface part 13 includes a ridgeline along
the Y direction.

[0019] Convex surface part 13 includes central axis
CA. Central axis CA of convex surface part 13 is anormal
of the convex surface part 13 passing through the center
of a shape (a rectangular shape, see FIG. 2A) enclosed
by the edge of the convex surface part 13, and is repre-
sented by, forexample, a straightline that passes through
the middle point of a straight line connecting the both
ends of the convex surface part 13 and is orthogonal to
the connecting straight line in the XZ cross section. That
is, central axis CA is the normal to the apex of (ridgeline)
of convex surface part 13, and bisects convex surface
part 13.

[0020] Each central axis CA s tilted in the same orien-
tation and at the same angle with respect to the X direc-
tion. For example, in FIG. 3A, each central axis CA is
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tilted at angle o to the left side with respect to the Z di-
rection. The angle a can be appropriately set within the
range of 0 to 20°.

[0021] Rear surface part 14 is a plane part disposed
corresponding to each convex surface part 13. Rear sur-
face part 14 is orthogonal to central axis CA of convex
surface part 13. Rear surface part 14 may be smooth, or
may have an appropriate surface roughness. Rear sur-
face part 14 can be roughened by a common roughening
process such as a blast process, and preferably, the sur-
face roughnessis 1to 10 wm in arithmetic average rough-
ness Ra, for example.

[0022] Groove 15 is formed on each rear surface part
14. As viewed along central axis CA, groove 15 has a
slender rectangular shape elongated in the Y direction.
Groove 15 has a rectangular shape in the XZ cross-sec-
tional shape. Preferably, the depth of groove 15 (the dis-
tance between rear surface part 14 and the bottom sur-
face of groove 15) is 10 to 100 pm.

[0023] In convex lens parts 12, the position of groove
15 is shifted toward either end of lenticular lens part 11
along the X direction from central axis CA of convex sur-
face part 13 as the distance of groove 15 from product
optical axis PA described later in the X direction increas-
es. For example, when convex surface part 13 including
the product optical axis PA is set as Oth convex surface
part, the center of nth groove 15 corresponding to nth
convex surface part 13 in the X direction is shifted away
from central axis CA of the nth convex surface part 13
by a predetermined distance nGum in the direction par-
allel to the bottom surface of groove 15.

[0024] Coloring part 16 is a colored composition, and
is a solidified coating material containing a colorant such
as black pigment, for example. The coating material has
fluidity, and is a liquid composition or powder. The meth-
od of applying and solidifying the coating material may
be appropriately selected from publicly known methods
in accordance with the coating material. Examples of the
method of applying the coating material include spray
coating and screen printing. Examples of the method of
solidifying the coating material include drying of a liquid
coating material, curing of a curable composition (such
as radical polymerizable compound) in the coating ma-
terial, and baking of powder.

[0025] As described above, each rear surface part 14,
each groove 15 and each coloring part 16 are disposed
corresponding to each convex surface part 13, and
groove 15 and coloring part 16 correspond to a detection
object part. In addition, the bottom surface of groove 15
corresponds to an image surface of the detection object
part.

[0026] Eachcylindrical lens part 12includes optical ax-
is OA1 that passes through convex surface part 13 and
groove 15 corresponding to convex surface part 13. Out-
ermost optical axes OA1 in the X direction intersect each
other. These intersecting optical axes OA1 correspond
to first optical axes.

[0027] Inaddition, lenticularlens part 11 includes prod-
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uct optical axis PA. Product optical axis PAis represented
by a straight line passing through the lenticular lens part,
whichis one of straight lines that bisectthe angle between
the outermost optical axes OA1. Product optical axis PA
is the optical center of marker 10 and can serve as a
reference in designing of marker 10. Product optical axis
PA of marker 10 coincides with optical axis OP1 of convex
surface part 13 disposed at the center in the X direction.
In addition, optical reference point OP is located on prod-
uct optical axis PA. Product optical axis PA corresponds
to the second optical axis.

[0028] Each optical axis OA1 is set so as to intersect
product optical axis PA, and for example, optical axis
OA1 is set such that all optical axes OA1 converge at
one given point separated from lenticular lens part 11 in
the Z direction. That is, optical axes OA1 of cylindrical
lens parts 12 are set such that the angle between optical
axis OA1 of cylindrical lens part 12 and central axis CA
of convex surface part 13 increases as the distance there-
of from product optical axis PA in the X direction increas-
es. In addition, the intersection point of optical axes OA1
is referred to as optical reference point OP.

[0029] As described above and as illustrated in FIG.
3B, marker 10 has substantially the same structure as
that of an assembly in which each cylindrical lens part
12 including convex surface part 13, rear surface part
14, groove 15 and coloring part 16 is set as a component
unit, and the component units are tilted to one direction
along the X direction at angle o with respect to the Z
direction and joined with each other in the X direction.
[0030] In marker 10, images of coloring parts 16 are
projected onto convex surface parts 13 as optically de-
tectable (e.g. black) images, and the images are ob-
served as a collective mark on the surface of lenticular
lens part 11.

[0031] Here, "optically detectable" means that the im-
age of coloring part 16 projected on convex surface part
13 is detected based on the optical characteristics. "Op-
tical characteristics" are, for example, the degrees of the
color such as brightness, saturation and hue, or the op-
tical intensity such as luminance. The optical character-
istics may be appropriately detected in accordance with
the use of marker 10, and may be detected by visual
confirmation, or by using an optical detection device, for
example. In addition, the optical characteristics may be
detected directly or by using another device, and an ex-
ample of the latter case is irradiation using a UV lamp for
exciting a composition in the case where coloring part 16
is a transparent composition that emits fluorescence.
[0032] Here, as described above, the observation
range in marker 100 is set to approximately 26°. As de-
scribed above, the observation range is a range in which
the mark is observed when the observation position is
moved from the center point of the multi-lens part along
the X direction. That is, in marker 100, the mark can be
observed in the range of approximately 26° on the left
and right sides in the X direction in FIG. 3A with respect
to the center point of the multi-lens part as a reference
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(when viewed from a point just above the center point of
the multi-lens part). The observation range is set by the
shape of the convex surface part, for example.

[0033] Also in marker 10, the mark can be observed in
the range of approximately 26° on the left and right sides
from the center point of the multi-lens part in the X direc-
tion with respect to the intersection point of product op-
tical axis PA and lenticular lens part 11 (the center point
of the multi-lens part) as a reference. Since product op-
tical axis PA coincides with central axis CA of cylindrical
lens part 12 at the center, the angle of product optical
axis PA with respect to the Z direction is a.°. Accordingly,
when marker 10 is observed from a point just above the
center point of the multi-lens part in the same manner as
marker 100, the observation range of marker 10 is in-
creased by a° on the left side (the side to which central
axis CA is tilted) in FIG. 3A, and reduced by a° on the
right side (the side opposite to the side to which central
axis CAistilted) in FIG. 3A. Thatis, the observation range
of marker 10 as viewed in the Z direction is approximately
26+0a.° on the left side in the X direction in the drawing in
comparison with that of marker 100.

[0034] As is clear from the above description, marker
10 includes lenticular lens part 11 including a plurality of
optically transparent cylindrical lens parts 12 arranged
along the X direction. Each cylindrical lens part 12 in-
cludes convex surface part 13, detection object part
(groove 15 and coloring part 16) disposed corresponding
to convex surface part 13 and configured to be projected
onto convex surface part 13 in the form of an optically
detectable image, and optical axis OA1 that passes
through convex surface part 13 and the detection object
part corresponding to convex surface part 13. In addition,
lenticular lens part 11 includes optical axes OA1 (first
optical axes) that are outermost in the X direction and
intersect each other in optical axes OA1 of cylindrical
lens parts 12, and product optical axis PA (second optical
axis) represented by a straight line that bisects the angle
between the first optical axes and passes through len-
ticular lens part 11. Cylindrical lens parts 12 include cy-
lindrical lens parts 12 tilted in the same orientation and
at the same angle to the X direction. The detection object
parts include a detection object part that is disposed such
that as the distance thereof from the second optical axis
of increases in the X direction, the detection object is
more separated from central axis CA of convex surface
part 13 in the X direction in each cylindrical lens part 12.
Optical axes OA1 of cylindrical lens parts 12 include op-
tical axis OA1 that intersects central axis CA of convex
surface part 13 such that the intersection angle with re-
spect to central axis CA increases as the distance of that
optical axis OA1 from the second optical axis in the X
direction increases. Accordingly, when viewed along the
Z direction, the observation range of marker 10 on one
side in the X direction is wider than that of marker 100.
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Second embodiment

[0035] FIG. 4A schematicallyillustrates across section
of marker 20 along the arrangement direction of cylindri-
cal lens parts 22, and FIG. 4B schematically illustrates
an arrangement of cylindrical lens parts 22, each of which
is a component unit in marker 20. Marker 20 is identical
to marker 10 except for the installation position of the
groove in the rear surface part.

[0036] Marker 20 includes lenticular lens part 21, and
lenticular lens part 21 includes a plurality of optically
transparent cylindrical lens parts 22. Each cylindrical lens
part 22 includes convex surface part 13, rear surface part
14, groove 25 formed on rear surface part 14, and color-
ing part 16 housed in groove 25. Convex surface part 13,
rear surface part 14 and coloring part 16 are identical to
those of marker 10.

[0037] As with groove 15 of marker 10, as the distance
thereof from product optical axis PA in the X direction
increases, the positions of grooves 25 are more separat-
ed from respective central axes CA of convex surface
parts 13 toward the both ends of lenticular lens part 21
in the X direction. The size of groove 25 is substantially
the same as that of that of groove 15.

[0038] Groove 25 is different from groove 15 in the fol-
lowing points. First, groove 25 is disposed at a position
where the intersection of optical axis OA2 of cylindrical
lens part 22 and the bottom surface of groove 25 is the
focal point of convex surface part 13. The focal point of
convex surface part 13 is a point where light, which trav-
els in parallel with optical axis OA2 of the convex surface
part 13 and is incident on the convex surface part 13,
substantially crosses the optical axis OA2 after refracted
at the convex surface part 13. For example, the focal
point of convex surface part 13 is a position where the
cross-sectional area of the light flux of the crossing light
beams condensed at the bottom surface of groove 25 is
minimized. For example, the bottom surface of groove
25 is formed at the position of the focal point by adjusting
the depth of groove 25. The bottom surface of groove 25
serves as an imaging surface.

[0039] In addition, optical axis OA2 of cylindrical lens
part 22 intersects the imaging surface at the center of
the imaging surface. For example, the imaging surface
that intersects optical axis OA2 at the center thereof is
formed by adjusting the width of groove 25, or by adjust-
ing the position of the bottom surface of groove 25 in the
X direction and/or the Z direction.

[0040] Further, optical axis OA2 of cylindrical lens part
22 is orthogonal to the imaging surface. For example,
the imaging surface orthogonal to optical axis OA2 is
formed by adjusting the orientation of the bottom surface
of groove 25 in the XZ cross section.

[0041] As with marker 10, the observation range of
marker 20 with respect to the center point of the multi-
lens part as the reference when marker 20 is viewed in
the Z direction is approximately 26+a° on the left side in
the X direction in the drawing in comparison with that of
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marker 100. Furthermore, marker 20 has the following
effects.

[0042] In marker 20, the bottom surface of groove 25
is located at the focal point of convex surface part 13.
Accordingly, the image projected on convex surface parts
13, in particular, the images projected on convex surface
parts 13 distanced from product optical axis PA in the X
direction, are clearer in comparison with marker 10. Ac-
cordingly, in comparison with marker 10, the contrast of
the mark is favorable, and the edge of the mark is clear.
[0043] In addition, in marker 20, optical axis OA2 in-
tersects the imaging surface at the center of the imaging
surface. Accordingly, variation of the size (for example,
the width (the length in the X direction) of each image)
of the image projected on convex surface parts 13 is re-
duced. Accordingly, in comparison with marker 10, the
contrast of the mark is favorable, and the edge of the
mark is clear.

[0044] Further, in marker 20, optical axis OA2 is or-
thogonal to the imaging surface. Accordingly, the image
is more uniformly formed on each convex surface part
13. Accordingly, in comparison with marker 10, the con-
trast of the mark is favorable, and the edge of the mark
is clear.

[0045] Accordingly, marker 20 forms clearer marks
than marker 10.

Third embodiment

[0046] FIG. 5Ais a plan view schematically illustrating
marker 30, FIG. 5B is a partially enlarged sectional view
schematically illustrating a cross section of marker 30
taken along the XZ plane, in which hatching is omitted,
and FIG. 5C is a bottom view schematically illustrating
marker 30.

[0047] Marker 30 includes multi-lens part 31 formed of
an optically transparent material and having a plurality
of convex surface parts 33 arranged in the XY direction,
and detection object parts that are disposed in respective
convex surface parts 33 and configured to be projected
onto convex surface parts 33 as optically detectable im-
ages. In marker 30, as in the second embodiment, when
one convex surface part 33 and a detection object part
corresponding to the one convex surface part 33 are set
as a single component unit, the convex surface part 33
in the component unit is disposed such that the central
axis of the convex surface part 33 extends along the Z
direction, while the detection object part is disposed at a
position orthogonal to optical axis OA in the component
unit, for example.

[0048] The optical unit of marker 30 is a region defined
by sectioning each convex surface part 33 by a planar
shape in the X direction and the Y direction that is defined
by straight lines composed of points whose distance to
the center of one convex surface part 33 and distance to
the centers of convex surface parts 33 adjacent to the
one convex surface part 33 are equal to one another.
That is, the optical unit of marker 30 is represented by a
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region including one convex surface part 33 and an ob-
lique rectangular prism shape of a locus that is formed
by moving, in parallel with central axis CA, a rectangular
(square) composed of four straight lines that orthogonally
passes through the middle points of the straight lines
connecting the centers of one convex surface part 33
and convex surface parts 33 adjacent to the one convex
surface part 33.

[0049] Marker 30 includes firstsurface 301 and second
surface 302. First surface 301 includes a plurality of con-
vex surface parts 33. In addition, second surface 302
includes a plurality of detection object parts and reflection
parts 36, and each detection object part includes recess
34 and coloring part 35 provided therein. For example,
reflection part 36 is portions corresponding to respective
convex surface parts 33 in second surface 302, and hav-
ing planar shapes identical to those of convex surface
parts 33.

[0050] In the X direction, the product optical axis of
marker 30 is represented by a straight line passing
through first surface 301, which is one of straight lines
that bisect the angle at the intersection of the optical axes
of convex surface parts 33 that are outermost in the XZ
plane.IntheY direction, the product optical axis of marker
30 is represented by a straight line passing through first
surface 301, which is one of straight lines that bisect the
angle at the intersection of the optical axes of convex
surface parts 33 that are outermost in the YZ plane.
[0051] Convex surface part 33 is a curve of an arc of
a semicircle or a curve of an arc of a non-semicircle in
cross section. Convex surface part 33 of a curve of an
arc of a semicircle forms a spherical lens, and convex
surface part 33 of a curve of an arc of a non-semicircle
forms an aspherical lens, for example. In a cross section
of marker 30 taken along the XZ plane, convex surface
part 33 forming an aspherical lens is represented by a
curve whose curvature radius increases as a distance
from its vertex increases along the direction orthogonal
to central axis CA. The curvature radius may continuous-
ly increase or intermittently increase as the distance from
the vertex increases. It is to be noted that, in marker 30,
the vertex of convex surface part 33 is the intersection
of convex surface part 33 and central axis CA.

[0052] In plan view, convex surface parts 33 have the
same size, and each convex surface part has a circular
shape, for example. For example, in plan view, the diam-
eter of the shape of convex surface part 33 is 350 pm.
The shape of convex surface part 33 is rotationally sym-
metrical about central axis CA.

[0053] Pitch P of convex surface parts 33 is 350 um
in the X direction and the Y direction. The "pitch" means
the distance (P ) between convex surface parts 33 ad-
jacent to each other. For example, the pitch is the dis-
tance between intersections of convex surface part 33
and central axis CA of convex surface parts 33 adjacent
to each other in the X direction or the Y direction.
[0054] Recess 34 has a substantially columnar shape
formed on the rear surface (second surface 302) side of
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multi-lens part 31. Recess 34 is disposed at a position
where the bottom surface thereof intersects the optical
axis of convex surface part 33. Recess 34 is formed on
the rear surface side of multi-lens part 31 such that the
optical axis of convex surface part 33 intersects the cent-
er of the bottom surface at a right angle, for example.
[0055] In plan view, recess 34 has a circular shape.
Recess 34 may have other planar shapes. For example,
recess 34 may have a square planar shape illustrated in
FIG. 6A, a rectangular planar shape illustrated in FIG.
6B, or a cross-like planar shape illustrated in FIG. 6C.
[0056] In marker 30, the center-to-center distance
(IC-Cp.1]) between detection object parts adjacent to
each other in the X direction is P +nG pum, for example,
and the center-to-center distance (|C,-C,,,.1|) between
detection object parts adjacent to each other in the Y
directionis P +mG um, for example. The "n" represents
an order of a certain convex surface part 33 with respect
to Oth convex surface part 33 in the X direction. The "m"
represents an order of a certain convex surface part 33
with respect to 0th convex surface part 33 in the Y direc-
tion. With this configuration, the center-to-center dis-
tance of the detection object parts are greater than the
center-to-center distance (Pg) of the convex surface
parts. That is, in marker 30, in the X direction and the Y
direction, the pitch between convex surface parts 33 ad-
jacent to each other is smaller than the center-to-center
distance between the detection object parts (recesses
34) adjacent to each other.

[0057] Marker 30 may employ only one of the config-
uration of the first embodiment and the configuration of
the second embodiment. In addition, marker 30 may be
provided with convex surface parts 33 orientated in the
above-mentioned manner and recesses 34 arranged in
the above-mentioned manner only in the X direction or
the Y direction. For example, in marker 30, recess 34
and coloring part 35 may be disposed in the above-men-
tioned positional relationship between the convex sur-
face part and the detection object part in the cross section
of marker 10 or marker 20 taken along the XZ plane in
only one of two directions in the XY plane. For example,
when recess 34 and coloring part 35 are located and
shaped similarly to the groove and the coloring part of
marker 10 in the cross section taken along the XZ plane
in one of the X direction and the Y direction, marker 30
can achieve an effect identical to the effect of marker 10
in the one of the X direction and the Y direction.

[0058] While recess 34 is disposed at a position where
the bottom surface of recess 34 intersects the optical axis
of convex surface part 33 in the present embodiment,
recess 34 may be disposed, as in the second embodi-
ment, at a position where the bottom surface of recess
34 intersects the optical axis of convex surface part 33
at the center thereof at a right angle, and the intersection
therebetween matches the focal point (image surface) of
convex surface part 33. Also in this case, the optical unit
is represented by a region including one convex surface
part 33 and an oblique rectangular prism shape of a locus
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that is formed by moving, in parallel with central axis CA,
a rectangular (square) composed of four straight lines
that orthogonally passes through the middle points of the
straight lines connecting the centers of one convex sur-
face part 33 and convex surface parts 33 adjacent to the
one convex surface part 33.

Fourth embodiment

[0059] Marker 40 is identical to marker 30 except that
multi-lens part 41 is provided in place of multi-lens part
31. Multi-lens part 41 is identical to multi-lens part 31
except that the convex surface part and the reflection
part have rectangular planar shapes. FIG. 7A is a plan
view schematically illustrating marker 40, FIG. 7B is a
partially enlarged sectional view schematically illustrat-
ing across section of marker 40 taken along the XZ plane,
in which hatching is omitted, and FIG. 7C is a bottom
view schematically illustrating marker 40.

[0060] Marker40 includes firstsurface 401 and second
surface 302. First surface 401 includes a plurality of con-
vex surface parts 43. Each convex surface part 43 has
a square shape in plan view, and convex surface parts
have the same size. For example, each side of the shape
of convex surface part 43 in plan view is 350 um, and
pitch PCL of convex surface parts 43 is 350 pm in the X
direction and the Y direction. In addition, reflection part
46 of second surface 302 has a shape identical to the
plan shape of convex surface part 43.

[0061] The optical unit of marker 40 is represented by
aregion having a substantially oblique rectangular prism-
like shape with the top surface as convex surface part
43 whose planar shape is a square, and with the bottom
surface as the square shape of reflection part 46, for ex-
ample.

[0062] In marker 40, as in marker 30, in the X direction
and the Y direction, the pitch of convex surface parts 43
adjacent to each other is smaller than the center-to-cent-
erdistance between detection object parts (recesses 34).
As with marker 30, marker 40 can achieve an effectiden-
tical to the effect of marker 10 in the X direction and/or
the Y direction.

Fifth embodiment

[0063] FIG. 8Ais a schematic plan view of marker 50,
FIG. 8Bis a partial sectional view including a part of mark-
er 50 taken along line B-B of FIG. 8A, in which hatching
is omitted, FIG. 8C is a bottom view of marker 50, and
FIG. 8D is a side view of marker 50. Marker 50 is identical
to marker 30 except that the detection object part is con-
tinuous in the Y direction, and that the orientation of the
convex surface part forming a line along the Y direction
is tilted by the above-described inclination only in the X
direction.

[0064] Multi-lens part 51 includes a plurality of convex
surface parts 53, and convex surface parts 53 are ar-
ranged in the X direction and the Y direction orthogonal
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to the X direction. Convex surface parts 53 form lines
along the Y direction, and the lines of convex surface
parts 53 are arranged in the X direction.

[0065] The detection object partis composed of recess
54 and coloring part 55 housed in recess 54. Recess 54
is a slender rectangular recess extending along the Y
direction in the XY plane, and is disposed across convex
surface part 53 arranged along the Y direction. In addi-
tion, recesses 54 are arranged in the X direction in such
amanner as to correspond to the lines of convex surface
part 53.

[0066] In the X direction, the detection object part is
disposed corresponding to convex surface part 53 as in
the embodiment described above. For example, in the X
direction, in marker 50, the pitch between adjacent con-
vex surface parts 53 (the distance between convex sur-
face parts 53 of adjacent lines) is smaller than the dis-
tance between the centers of adjacent detection object
parts (recesses 54) as in markers 30 and 40.

[0067] In addition, in a cross section (XZ plane) of
marker 50 along the X direction, the optical axes of con-
vex surface parts 53 arranged in a line in the Y direction
extend in the same direction. The optical axes intersect
the optical axis of multi-lens part 51 (the product optical
axis of marker 50) at a position above marker 50 (a space
on the convex surface part side). In addition, in the XZ
plane, a plurality of the detection object parts include a
detection object part whose bottom surface (imaging sur-
face) is disposed at a position where the bottom surface
intersects the optical axis of convex surface part 53. As
with marker 30, the optical unit of marker 50 is represent-
ed by a region having one convex surface part 53 and a
substantially oblique rectangular prism shape of a locus
that is formed by moving, in parallel with the central axis
of convex surface part 53, a planar rectangle of a grid
sectioning the first surface into rectangles each including
one convex surface part 53, for example.

[0068] In marker 50, a linear image along the Y direc-
tion is observed as a group of images projected on con-
vex surface parts 53. This image appears such that the
image moves away from the viewer as marker 50 is tilted
tothe viewer side with respectto the X direction. In marker
50, convex surface part 53 is curved not only in the X
direction, butalsointhe Y direction, and thus, the contrast
of the image in the Y direction in marker 50 is higher than
that of marker 10. One possible reason for this may be
that the shift of the focal length in the Y direction in marker
50 is smaller than that of marker 10.

[0069] As described above, marker 50 includes multi-
lens part 51 and the detection object part, and multi-lens
part 51 includes a plurality of convex surface parts 53
arranged in the X direction and the Y direction orthogonal
to the X direction. Convex surface parts 53 form lines
along the Y direction, and the lines of convex surface
parts 53 are arranged in the X direction. In a cross section
of marker 50 along the X direction, the optical axes of
convex surface parts 53 arranged in a line in the Y direc-
tion extend inthe same direction, and intersect the optical
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axis of multi-lens part 51 at a position above marker 50.
In addition, the detection object part is formed across a
plurality of convex surface parts 53 disposed in a line
along the Y direction. A plurality of the detection object
parts arranged in the X direction may be disposed at a
position where the intersection of the optical axis of con-
vex surface part 53 and the imaging surface convex sur-
face part 53 is the focal point. As with markers 10 to 40,
marker 50 provides a wider observation range on one
side in a direction in which the central axis of convex
surface part 53 is tilted, that is, in the X direction, in com-
parison with conventional marker 100 in which the mark
is set by the positions of the coloring parts in the direction
along the rear surface of the convex lens part.

Sixth embodiment

[0070] FIG. 9A is a plan view of marker 60, FIG. 9B is
a partial sectional view of a part of marker 60 taken along
line B-B of FIG. 9A, in which hatching is omitted, FIG. 9C
is a bottom view of marker 60, and FIG. 9D is a side view
of marker 60. Marker 60 is identical to marker 50 except
that multi-lens part 61 is provided in place of multi-lens
part 51. Multi-lens part 61 is identical to multi-lens part
51 except that each of the convex surface part and the
reflection part has a rectangular planar shape.

[0071] For example, convex surface part 63 has a
square shape in plan view. In addition, for example, the
shape of convex surface part 63 in a cross section along
the optical axis of convex surface part 63 is represented
by a curve whose curvature radius increases as the dis-
tance from the vertex of convex surface part 63 increas-
es. As with marker 40, the optical unit of marker 60 is
represented by a region having one convex surface part
63 and a substantially oblique rectangular prism shape
of a locus that is formed by moving, in parallel with the
central axis of convex surface part 63, a planar rectangle
(square) of a grid sectioning the first surface into rectan-
gles each including one convex surface part 53, for ex-
ample.

[0072] As with markers 10 to 50, marker 60 provides
a wider observation range on one side in a direction in
which the central axis of convex surface part 63 is tilted
(Xdirection) in comparison with conventional marker 100
in which the mark is set only by the positions of the color-
ing parts in the direction along the rear surface of the
convex lens part. In addition, as with marker 50, marker
60 can provide a higher contrast of a detected image in
the Y direction than marker 10.

[0073] Further, with marker 60, images can be more
clearly detected regardless of the intensity of light inci-
dent on the first surface of multi-lens part 61 in compar-
ison with marker 50. One possible reason for this may
be that, practically, the first surface of marker 60 is com-
posed only of convex surface part 63 (curved surface)
and includes no flat surface part, and thus reflection light
atthe first surface is less likely to be generated or is weak
in comparison with marker 50 although, in the case where
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the intensity of the incident light is high, the intensity of
the reflection light of marker 60 such as the reflection
light on the first surface is also high, and the visibility of
the image might be reduced.

Seventh embodiment

[0074] FIG. 10Ais a plan view of marker 70, FIG. 10B
is a partial sectional view of a part of marker 70 taken
along line B-B of FIG. 10A, in which hatching is omitted,
FIG. 10C is a bottom view of marker 70, and FIG. 10D
is a side view of marker 70. As with marker 60, marker
70 is identical to marker 50 except that multi-lens part 71
is provided in place of multi-lens part 51. Multi-lens part
71 is identical to multi-lens part 51 except that the convex
surface part and the reflection part has a polygonal shape
in plan view.

[0075] For example, in plan view, convex surface part
73 has a regular hexagonal shape. In addition, for exam-
ple, in a cross section along the optical axis, convex sur-
face part 73 is represented by a curve whose curvature
radius increases as the distance from the vertex of con-
vex surface part 73 increases. Regarding the line of con-
vex surface parts 73 in the Y direction, convex surface
parts 73 are arranged along the Y direction such that
their opposed sides are in contact with one another. In
addition, the lines of convex surface parts 73 are ar-
ranged in the X direction such that each connecting part
of convex surface parts 73 of one line is in contact with
a corner of the hexagon of one convex surface part 73
of another line. In this manner, in marker 70, convex sur-
face parts 73 are fully closely arranged in a collective
manner over the entirety of the first surface of multi-lens
part 71.

[0076] As with markers 30 and 40, the optical unit of
marker 70 is represented by a region having one convex
surface part 73 and a substantially oblique rectangular
prism shape of a locus that is formed by moving, in par-
allel with the central axis of convex surface part 73, a
planar rectangle (square) of a grid sectioning the first
surface into rectangles each including one convex sur-
face part 73, for example. The rectangle is defined with
straight lines passing through the middle points of the
sides shared by adjacent hexagons in the X direction,
and straight lines that overlap the sides shared by adja-
cent hexagons in the Y direction.

[0077] As with markers 10 to 60, marker 70 provides
a wider observation range on one side in a direction in
which the central axis of convex surface part 73 is tilted,
thatis, in the X direction, in comparison with conventional
marker 100 in which the mark is set by the positions of
the coloring parts in the direction along the rear surface
of the convex lens part. In addition, as with markers 50
and 60, marker 70 can provide a higher contrast of a
detected image in the Y direction than marker 10.
[0078] Further, with marker 70, images can be more
clearly detected regardless of the intensity of light inci-
dent on the first surface of multi-lens part 71 in compar-
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ison with marker 50, as with marker 60, and for the same
reason as marker 60.

Other embodiments

[0079] It should be understood by those skilled in the
art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors in so far as they are within
the scope of the appended claims or the equivalents
thereof.

[0080] For example, the product optical axis of the
marker may not coincide with any of the central axes of
a plurality of convex surface parts.

[0081] In addition, the optical axes of the convex lens
parts need only cross the product optical axis, and the
crossing point of the optical axes of the convex surface
parts may not be the optical reference point. Forexample,
as long as a desired optical effect is obtained, the optical
axes of the convex lens parts in one marker may include
one or more group of optical axes of a plurality of convex
lens parts whose angles with respect to the product op-
tical axis (or with respect to the central axis) are identical.
[0082] Likewise, as long as a desired optical effect is
obtained, the central axes of the convex lens parts may
include one or more group of optical axes of a plurality
of convex lens parts whose angles with respect to the Z
direction are identical.

[0083] In addition, the optical reference point may not
be located on the central axis of the convex lens part, or
the cylindrical lens part, disposed at the center. For ex-
ample, the optical reference point may be located on the
central axis of a cylindrical lens part or a convex lens part
disposed at an end of in the arrangement direction (e.g.
the X direction) of the cylindrical lens parts or the convex
lens parts in a marker.

[0084] While the detection object part includes a
groove and a coloring part in the above-mentioned con-
figuration, the detection object part may have other con-
figurations. For example, the detection object part may
include a protrusion and a coloring part, or may com-
posed only of a coloring part such as a colored slender
resin housing disposed in a transparent resin molded
body. In addition, while the coloring part includes a so-
lidified coating material in the above-mentioned config-
uration, the coloring part may be a colored sheet.
[0085] In addition, the rear surface part may be modi-
fied as long as the rear surface part can be optically rec-
ognized with respect to the detection object part. For ex-
ample, the rear surface part may be irregularities formed
by minute pyramidal prisms or a reflection surface formed
by a metal vapor deposition film, or, may have a color
other than those of the above-mentioned coloring parts.
[0086] In addition, the multi-lens part may not be an
integrally molded article. For example, the marker may
include a base material that positions and holds each
cylindrical lens part or convex lens part in a desired ori-
entation, and a plurality of cylindrical lens parts or convex
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lens parts that can be set as a component unit of the
multi-lens part.

[0087] In addition, the inclination of the convex lens
parts may not be one direction in the arrangement direc-
tion. For example, itis possible to employ a configuration
in which a reference convex lens part is uprightly dis-
posed at the center of the arrangement direction, and
convex lens parts on both sides of the reference convex
lens part in the arrangement direction are tilted toward
the reference convex lens part. With convex lens parts
arranged in this manner, the observation range can be
further expanded by a.° on both sides in the arrangement
direction.

[0088] The disclosure of the specification, drawings,
and abstract in Japanese Patent Application No.
2016-023755 filed on February 10, 2016 is incorporated
herein by reference in its entirety.

Industrial Applicability

[0089] The marker according to the embodiments of
the present invention is suitable as a position detecting
marker (or an angle detecting marker) for recognizing
the position, orientation and the like of an object, and is
suitable for expanding the effective observation range of
the marker in a specific direction. Accordingly, the
present invention is expected to contribute to develop-
ment of the technical fields of the above-mentioned mark-
er.

Reference Signs List
[0090]

10, 20, 30, 40, 50, 60, 70, 100 Marker
11, 21, 110 Lenticular lens part

12, 22, 120 Cylindrical lens part

13, 33, 43, 53, 63, 73, 130 Convex surface part
14, 140 Rear surface part

15, 25, 150 Groove

16, 35, 55, 160 Coloring part

31, 41, 51, 61, 71 Multi-lens part

34, 54 Recess

36, 46 Reflection part

301, 401 First surface

302 Second surface

CA Central axis

PA Product optical axis

OA, OA1, OA2 Optical axis

OP Optical reference point

Claims

1. A marker, comprising:

a multi-lens part including a plurality of optically
transparent convex lens parts arranged along
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at least one arrangement direction,
wherein each convex lens part includes:

a convex surface part,

a detection object part disposed corre-
sponding to the convex surface part and
configured to be projected on the convex
surface part as an optically detectable im-
age, and

an optical axis passing through the convex
surface part and the detection object part
corresponding to the convex surface part,

wherein a plurality of optical axes of the plurality
of convex lens parts include first optical axes
and a second optical axis, the first optical axes
being outermost in the arrangement direction
and intersecting each other, the second optical
axis being represented by a straight line that bi-
sects an angle between the first optical axes and
passes through the multi-lens part,

wherein at least two of the plurality of the convex
lens parts are tilted in the same orientation and
at the same angle with respect to the arrange-
ment direction,

wherein at least one of a plurality of detection
object parts of the plurality of convex lens parts
is disposed such that the greater a distance of
at least one of the convex lens parts including
the at least one of the plurality of the detection
object parts from the second optical axis in the
arrangement direction increases, the greater a
distance of the at least one of the plurality of the
detection object parts from a central axis of the
convex surface part corresponding to the atleast
one of the plurality of the detection object parts
in the arrangement direction, and

wherein at least one of the plurality of the optical
axes of the plurality of convex lens parts is set
such that the greater a distance of at least one
of the convex lens parts including the at least
one of the plurality of the optical axes from the
second optical axis inthe arrangementdirection,
the greater an intersection angle of the at least
one of the plurality of the optical axes and a cen-
tral axis of the convex surface of the atleast one
of the convex lens parts.

The marker according to claim 1, wherein the detec-
tion object part of the each convex lens part is dis-
posed at a position where an intersection of the op-
tical axis of the each convex lens partand animaging
surface of the detection object part is a focal point
of the convex surface part.

The marker according to claim 2, wherein the optical
axis of the each convex lens part intersects the im-
aging surface at a center of the imaging surface.

10

15

20

25

30

35

40

45

50

55

12

4.

The marker according to claim 2 or 3, wherein the
optical axis of the each convexlens partis orthogonal
to the imaging surface.

The marker according to any one of claims 1 to 4,
wherein the multi-lens part is formed of a transparent
resin.
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